Protocol for the Characterization of Carbon and Water Cycles in High-elevation Ecosystems of the Andes
 Meteorology, and Environmental Studies (IDEAM) 
has undertaken a national pilot project on integrated adaptation to climate change (INAP). A key component of this project has been the development of a protocol for the characterization of carbon and water cycles in high mountain ecosystems. The protocol is designed for use by government, university, and NGO partners interested in climate change impacts, with IDEAM leading the project and consolidating data and results. The present article provides an overview of the protocol design.

The protocol
High mountain ecosystems of the Andes, páramo, and Andean forests are potentially significant carbon sinks; together with glaciers they play an important role in regulating water flow. The Andes are unique in the number of large urban centers that are located above 2500 m, and these cities are dependent on mountain ecosystems for their water supplies. Tropical mountain regions of the Andean Cordillera have been identified as vulnerable to climate change (Büchler et al 2004) . Anticipated impacts include higher temperatures and consequently greater evapotranspiration, an upward shift in the zero temperature gradient resulting in less snow relative to rainfall, glacial recession, and a vertical displacement of vegetation (Francou et al 2003; Vuille et al 2003; Hooghiemstra and van der Hammen 2004) . Simultaneously, mountain headwater catchments are subject to anthropogenic impacts related to agricultural production, burning, wetland drainage, cattle grazing, and the clearing of forests and riparian vegetation (Hofstede 1995; Diaz and Paz 2002) . The hydrologic implications of climate and land use change for the Andes potentially include a flashier runoff regime, less water storage capacity in wetlands, páramo, and glaciers, and less water availability in the dry season. Within Colombia the effects of climate change have already been documented; warming trends have been observed in minimum temperatures (Perez et al 1998) , and the accelerated loss of ice cover of tropical glaciers is attributed to global temperature change (Ceballos et al 2006) .
Management strategies for carbon and water require a scientific information base about the processes that affect the carbon and water cycles, their interactions, dynamics, variability, the practices that optimize storage, the effects of land use, vulnerability to perturbations, and potential implications for local communities. A protocol has been developed in Colombia as a tool to characterize carbon and water cycles in high-elevation Andean ecosystems and to facilitate comparative studies across the region. The protocol aims to establish a monitoring system to understand the impacts of climate change and land use on the capacity of these high mountain ecosystems to regulate water flow and to accumulate carbon.
The conceptual model
Evaluating the impacts of climate change and land use pressure on high-elevation ecosystems requires an understanding of the factors impacting the pools and flow paths of the carbon and water cycles. Carbon and water are stored in pools such as glaciers, wetlands, lakes, soils, and vegetation. Water and carbon pass from one pool to another through flow paths such as precipitation, decomposition, or evaporation. The protocol for the characterization of carbon and water cycles in high mountain ecosystems uses the concept of pools and flow paths to investigate the impacts of climate and land use on the various compartments and ultimately on carbon and water balances (CIAT 2006) . Anthropogenic activities such as ploughing, burning, forest harvesting, and grazing modify the natural cycles through vegetation, introduced animals, and human consumption of water and biomass. Human influences are explicitly included within the protocol. The conceptual model is illustrated in Figure 1 for water in a páramo ecosystem.
Algorithm of the protocol
The protocol is organized in a series of blocks. Each block represents a flow of activities, analysis and decisions taken, and supporting documents to facilitate the application of the protocol. Norms and criteria, procedures, formats for data capture and instructions for the measurement of variables are associated with the blocks. The 7 blocks are:
1. Introduction to the protocol; 2. Selection of the sub-watershed and ecosystems to monitor; 3. Selection of research questions; 4. Collection of secondary data through a participatory process; 5. Design of the monitoring network; 6. Monitoring program; 7. Systematization and analysis of information.
Criteria are decision making guides such as criteria for the selection of sub-watersheds or prioritization of monitoring variables. Instruction sheets provide detailed explanations and procedures for installation, operation and maintenance of equipment, and standard methods for analysis. Formats are provided for the collection and compilation of field and/or laboratory data. Norms relate to World Meteorological Organization (WMO) or other international standards relative to data collection and/or analysis (eg EUROFLUX).
Selection of the sub-watersheds and ecosystems to monitor
The selection of the sub-watershed and ecosystems to monitor aims to account for the relative importance of the high-elevation ecosystems, their variability, and logistics for the implementation of monitoring. The criteria selected for Colombia are given in Table 1 .
Research questions
Research questions are defined based on the characteristics of the selected micro-watersheds for monitoring, comparison between ecosystems, and consideration of climate change and land use impacts. Potential research questions include:
• 
Design of the monitoring network
For each selected sub-watershed and the relevant research questions, the monitoring network is designed in accordance with criteria for the prioritization of variables and available resources (human and financial). For each pool and flow path of the water and carbon cycles specific to glaciers, páramo, and highelevation Andean forests, a set of variables, required equipment, and methods of measurement are defined and prioritized. The ranking of variables is based on an index of: 1) contribution to or understanding of the pool or flow path, 2) complexity of measurement, and 3) cost of monitoring in terms of equipment and/or logistics. The monitoring network is then designed schematically considering existing equipment, priority variables for monitoring, and budget constraints. A series of "template" monitoring design drawings, criteria, and instruction sheets are provided as a guide for spatial and technical site selection. The geographical/spatial monitoring design aims to provide highresolution baseline imagery for inventory and temporal imagery to assess change in ecosystems and glaciers. The socioeconomic survey design identifies the basic socioeconomic information required for monitoring the carbon and water cycles and focuses on human intervention and adaptation. A draft questionnaire is provided which can be modified based on existing information and local validation. The principal sections of the survey include: family composition, land tenure, agricultural and agroforestry land use, livestock, farm management practices, on-farm forest cover, water sources, and water use.
Monitoring program
The monitoring program provides details for the installation of equipment and procedures for the collection of data corresponding to each selected variable. Key monitoring variables for water and carbon in páramo, high-elevation forest ecosystems, and glaciers are summarized in Table 2 . For each biophysical variable, instruction sheets include information on equipment requirements, equipment installation (location and technical considerations), field measurements (site selection and technical considerations), maintenance and operation, results and analysis, equipment and laboratory costs, and norms.
Geographical/spatial monitoring is designed to provide baseline inventories of glaciers, water, vegetation, land use, and to monitor change over time (1, 5-10 year intervals). The socioeconomic component focuses on the implementation of the questionnaire, analysis of land management relative to the monitored ecosystems, and the measurement of water consumption.
All monitored variables are specifically linked to pools or flow paths.
Systematization
The systematization of data refers to the collection and transfer of information to a central database, and the analysis and synthesis of monitored variables to consolidate information at the project scale for the carbon and water cycles. Standard procedures for quality assurance and quality control are provided, including recommendations for station inspection, replicates, standard methods, and expected ranges. Instruction sheets are given for calculations for glacier mass and energy balances, water balance, estimation of the existing carbon pool, and C accumulation. As many mountain scholars have already emphasized, advocacy of the specificity of mountain environments and communities at the international, national and regional levels is a decisive step towards sustainable mountain development. It is an essential task to stress the importance of mountains in the political arena. This short report gives an account of an original initiative: The Sierra Nevada Lobby Day. This event, carried out on an annual basis, was held on 5 June 2007 and sponsored by The Sierra Fund and the Sierra Nevada Alliance. The former organization is a non-profit community foundation aiming "to support environmental conservation in the Sierra Nevada region." The latter is an alliance of conservation groups, with a mission "to protect and restore the natural resources of the Sierra Nevada for future generations while promoting sustainable communities." The event took place where decisions concerning the Sierra Nevada are made: in the California State Capitol in Sacramento (USA). In its essence, the Lobby Day welcomes any citizen concerned about the fate of the "Range of Light," the name bestowed by the famous environmentalist John Muir, which became the common nickname for the Sierra. There were about thirty participants at the 2007 meeting, mainly members of organizations already active in the Sierra.
It is worth noting how this event was organized. First, a plenary session offered the participants a general overview of the issues in the Sierra and the main target objectives for the year. Second, a specialist in lobbying provided insights into this specific activity and tips for carrying it out. Third, small groups of from 2 to 4 newly proclaimed lobbyists were organized. Fourth, the groups went from door to door of the offices of the Senators and Assemblymen in the State Capitol (the elected representatives in the two Chambers of the California parliament), calling on them to plead the cause of the Sierra. Finally, the day ended with a debriefing for the participants regarding an evaluation of how the message transmitted was received.
The issue at stake for 2007 was the approval of the budget of the Sierra Nevada Conservancy. This California state agency, created in 2004, "initiates, encourages, and supports efforts that improve the environmental, economic, and social well-being of the Sierra Nevada Region, its communities and the citizens of California." It covers an area of 25 million acres, all or part of 22 counties. The organization needed this money for its operations and to launch a grant support program (US$ 17.5 million of a global budget of US$ 21.6 million). The "day-lobbyists" gave a summary of projects oriented towards the protection and restoration of natural resources, ready to be impleThe Sierra Nevada Lobby Day: Putting the "Range of Light" on the Map mented, and showing that the grants would be well invested. According to information compiled by The Sierra Fund, "in the last 5 years Sierra Nevada stakeholders have identified projects that would require close to one billion dollars."
The Day was organized with this specific target objective in mind, but it appeared that the budget had been approved by a state commission the day prior to Sierra Nevada Lobby Day. Yet the general objective of this advocacy action-to put the Sierra Nevada on the minds and the agenda of decision-makers-still had to be achieved. During the debriefing, all groups highlighted the powerful communication toolthe map representing the entire mountain range.
In this context, 2 core messages were conveyed to the legislators:
• The Sierra Nevada exists as an entity and matters! • All Californians are connected in one way or another to the Sierra Nevada!
The annual organization of Sierra Nevada Lobby Day illustrates that advocacy for the mountains is an ongoing and never-ending task. The Mountain Forum was created a decade ago, as an outcome of the Rio Earth Summit, as a unique global network for information exchange, mutual support, and advocacy of equitable and ecologically sustainable mountain development and conservation. Since its inception it has become a unique network of networks for sustainable mountain development (SMD).
Websites
The Mountain Forum operates under a decentralized scheme through regional nodes hosted by centers of excellence worldwide, including the North American Node, hosted by the Banff Centre in Canada, the Latin American node (InfoAndina), hosted by the International Potato Center (CIP) in Peru, the African Mountain Forum, hosted by ICRAF-AHI in Uganda, and the Asia Pacific Mountain Network (APMN), hosted by ICIMOD in Nepal (Figure 1 ). The activities of the network are coordinated by the global Mountain Forum Secretariat, hosted by ICIMOD in Nepal since 2003.
The Mountain Forum is governed by an independent Board, composed of a group of representatives from the founding organizations including The Mountain Institute (TMI), the International Potato Center (CIP), the Banff Centre, ICRAF, and ICIMOD. Elected representatives from 3 regions-Africa, Asia, and Latin America-serve as members of the Board for a 3-year period each. The governance body meets annually in different mountain regions to revise progress reports and set strategic guidelines for the network as a whole.
A decade of sharing 
Current achievements
During the past few years, the Mountain Forum Secretariat in Nepal has developed a modern platform for services for its membership worldwide. MF information services include the following:
MF membership
Throughout its decade of existence, the Mountain Forum has provided services for thousands of members from 108 countries and a wide base of sectors, including the academic, private, and public sectors. Presently the network has a membership base of nearly 4000 individuals and 500 organizations worldwide. A large percentage of our membership belongs to the research (45%) and NGO sectors (24%) (Figure 2 ).
Global multilingual e-conferences
These conferences foster debates on specialized issues, for example: 
.
Mountain Forum online library
The online library is a specialized catalogue of SMD documents, including:
• 2071 full-text documents;
• 1372 bibliographic references;
• 49 periodicals;
• 222 related links;
• 65 reference items;
• Links between research institutions and SMD-related references.
Mountain Forum website www.mtnforum.org
• The website has a new design, content, and information structure.
• A new content management system is in place.
• It focuses on SMD themes.
• Its content and services are highlighted on the homepage.
• The website has an average of 1 million visits per year.
Advocacy of the "Mountain Agenda"
• MF supports its partners' Mountain Agenda through focused policy debates, advocacy, and increased awareness of SMD.
• MF fosters capacity building in SMD advocacy among members.
• After nearly 3 years with the Mountain Forum Secretariat, and nearly 7 years with the Latin American Mountain Forum, I am optimistic about the future of our network. In the framework of the international mountain agenda, Mountain Forum is renewing its collaboration linkages with key stakeholders, including MRD and the Centre for Development and Environment (CDE), the Adelboden Group, and the Mountain Partnership. MF will continue to provide services to stakeholders, including dissemination of information through its global discussion lists, dissemination of "calls for articles" for MRD, and specialized dialogue platforms such as the E-consultation conducted in April 2007 for the draft resolution on sustainable mountain development for UNCSD.
We believe innovative partnerships and collaboration among stakeholders are the best way to face these challenges and achieve effective development in a globalized world. We reiterate our gratitude to the Swiss Agency for Development and Cooperation (SDC) for their continued support of Mountain Forum throughout its decade of existence, and we look forward to continued achievements of our network on behalf of the welfare of mountain communities worldwide. 
Ana Maria Ponce
The GCRN_EM
The meeting was one of a series of meetings of MRI's Global Change Research Network in European Mountains, GCRN_EM, initiated and moderated by Dr. Astrid Björnsen Gurung, MRI science officer. These meetings are shaped by the participants' topics and requests, and are designed to stimulate innovation and facilitate networking by providing time for interaction. Thematic inputs are kept short and concise. The meetings are complemented and documented by a GCRN_EM website and Newsflash, and the MRI database of experts (see links below).
Thematic inputs
The availability of funding is crucial for research. Experts provided firsthand information on the European Union (EU) funding instruments 
Mountain Research Market
Participants displayed their ideas, project experiences and expertise. The functioning of a network is determined by its nodes, the contacts between people and institutions. A networking meeting is only successful if new nodes are created and new linkages established. When asked to indicate the number of "promising new contacts," most participants noted between 5 and 10, some "more than 10."
Coffee table discussions
The coffee table discussions followed the idea of Open Space. Participants had the chance to propose topics for which they seek discus-
